Coefficients of the first order and second order Angstrom model were obtained for Masvingo and Makoholi stations in Zimbabwe. Long term average ground measurements of sunshine hours and global horizontal solar radiation from the meteorological services were used as input data. Monthly average values of the clearness index, H H 0 and the fraction of sunshine hours, n N were determined. Regression analysis was used to obtain the first and second order coefficients of the Angstrom model for the two locations. The estimates from the developed models were tested against measured values and results obtained were in agreement to within +/-5%. The results also showed that the models performed better with these coefficients compared with coefficients suggested in previous researches. Also the first order model was found to perform better than the second order model for Makoholi station while the second order model works well for Masvingo.
INTRODUCTION
The current energy crisis facing the world dictates that alternative sources be sought. Worries about climate change and global warming resulting from the use of fossil fuels seem to suggest the use of clean technologies. Recent disasters in nuclear plants have seen governments halting plans to expand the nuclear power plants. In light of these challenges, solar energy emerges as one the available alternative forms of fuel which can be harnessed for both domestic and industrial applications with little damage to the environment. Although solar energy can be harnessed for power generation, its availability varies from one location to another. It is therefore important to establish the amount of solar energy received at a location before any meaningful investment can be done. Climatic conditions are also a factor in determining the usability of solar radiation as a source of energy.
The most important parameter that is required for the design of a solar energy conversion system at a particular location is the Global Solar Radiation [1] [2] [3] . Unfortunately ground measurements for this parameter are scarce for developing countries. This is usually because weather stations that directly measure solar radiation are very few, and in many cases rely on old *Address correspondence to this author at the Department of Physics Geography and Environmental Science, Great Zimbabwe University, Zimbabwe; Tel: +263 39 253 681; Fax: +263 39 252 100; E-mail: bmapurisa@gzu.ac.zw # Co-Author E-mail: lseyitini@gzu.ac.zw out dated equipment. In Zimbabwe, for example, solar radiation is only measured at seventeen locations.
The scarcity of solar radiation data results in the use of empirical models to predict and estimate global solar radiation for a chosen location [1, 2] . These models rely on climate parameters for the location under consideration. These parameters include sunshine hours, relative humidity, declination angle, latitude and longitude, surface albedo, maximum temperature and the number of rainy days among others [1, 4, 5] . The commonly used models are those that are based on sunshine hours. Sunshine hours are dependent on cloud cover as well as the season of the year [2, 4] . Cloud cover determines the fraction of sunshine hours, n N , which is the ratio between the actual number of bright sunshine hours n, to the possible number of sunshine hours for particular day, N. Latitude mainly affects the angle of incidence of the sunrays, it contribute to the scattering effect on solar radiation.
METHODOLOGY

Study Area
This study shall focus on developing Angstrom type models for predicting global solar radiation for Regression analysis shall be employed to obtain coefficients for the first order and the second order models. The models are generally valid for estimating radiation in locations of similar climate, latitude and altitude [1, 4] . Estimated radiation data obtained from the models would be compared with measured data as well as estimates from data obtained from previous work. This will save to check the suitability of the models for locations with similar climate and latitude.
Calculation Procedure
The Angstrom correlation model is the most commonly used method to estimate monthly average daily global horizontal solar radiation and it was also applied in this study. The model is given as:
Where H is the monthly average daily global horizontal solar radiation H 0 is extraterrestrial global solar radiation defined as (Ahmed et al. 2009 ):
Where G sc is solar constant = 1367 Wm Using these coefficients, the first and second order Angstrom-type correlations are obtained which will predict monthly average daily global horizontal solar radiation at the two stations.
T. Hove and J. Göttsche [5] recommended the use of Angstrom regression coefficients for Zimbabwe for square pixels centered at given longitude and latitude as given in the Table 1 . From Table 1 
and for Makoholi is:
Values of monthly average daily global horizontal solar radiation at the two stations were calculated using equations (3), (4), (5a), (5b), (6a) and (6b) and were compared with the actual measured data. Percentage error and the root mean square error were determined for all predicted values in order to find the most reliable model to use for the two stations.
RESULTS AND DISCUSSIONS
The Angstrom constants which lead to first and second order equations 5(a), 6(a) and 5(b), 6(b) respectively were determined using ground measured long term average sunshine hours and global solar radiation data shown in Table 2 .
First and second order Angstrom correlations for Masvingo are:
First and second order Angstrom correlations for Makoholi are:
Comparisons of estimated monthly average daily global horizontal solar radiation data from models developed in this study and the ground measured values together with values estimated by equations 3 and 4 are presented in Tables 3, 4 and 5, and Figures  2 and 3 .
At Masvingo station there is close agreement to the measured data by values predicted by first and second models developed in this study as illustrated in Figure  2 . The percentage errors in first and second order models range from -2.88 to 4.58 and -2.86 to 4.56 while values estimated from equation 3 have a minimum percentage error of -2.35 and a maximum of -9.82% as shown in Table 5a . In addition the root mean square error for the two models from present work is 0.02 as compared to 0.07 for values from equation 3 which was arrived at using coefficients recommended by Hove and Göttsche [5] .
For Makoholi station the second order model from this study gives results that are closest to the measured data with a percentage error range of -5.53 to 6.05 as compared to ranges -6.56 to 10.72 and -10.82 to 4.36 for the first order model and equation 4 respectively. Also, the second order model has the Table 5b .
CONCLUSION
The maximum percentage error of values predicted by both models developed in the present work for all months for Masvingo station is less than 5% and for Makoholi the second order model provides results with a maximum percentage error of 6%. This is an improvement to results obtained using an Angstrom model with coefficients recommended by Hove and Göttsche which has percentage errors of 9.82% and 10.82% for Masvingo and Makoholi stations respectively. It is therefore concluded that these models can be used with confidence to estimate monthly average daily global solar radiation received in these stations and other locations with similar climate conditions where there are no measured radiation data. The results from this article will provide reliable data that can be used for further research work in solar energy. In addition, the results can be used by potential investors in solar energy to make informed decisions when planning to install solar systems.
